Tests were made to determine the influence of variations in initial structure and rate of heating through the transformation temperature range on the grain sizes at 1,475° and 1,600° F of a high-purity alloy of iron and carbon and two commercial steels each containing 0.5 percent of carbon. Variations in initial structure had no effect on the grain size of the iron-carbon alloy. Although the initial structure had some influence on the grain size of the steels, no correlation was found between the grain size and the spacing of pearlite or the form and distribution of the carbides. The rate of heating had a pronounced effect on the grain size of the iron-carbon alloy, and in some cases the rate of heating also influenced the grain size of the steels. However, the trend in the steels was the reverse of that of the iron-carbon alloy in that the finest grains were obtained in the steels with slow rates of heating.
I. INTRODUCTION
In a previous study 1 made with high-purity alloys of iron and carbon and plain carbon steels, it was shown that in certain cases the austenitic grain size was markedly affected by the rate of heating through the transformation temperature range. It was recognized at that time that variation in the init.ial st.ructure was also a factor that should be considered in a study of austenitic grain size. The work reported herein is concerned with the influence of both the initial structure (i. e., the structure that existed just prior to heating to the temperature establishing the austenitic grain size) and the rate of heating upon the grain size of certain of ' the materials used in the previous investigation.
II. EXPERIMENTAL _MATERIALS AND PROCEDURE
The chemical compositions of the alloy and steels used in the present study are given in table 1. The iron-carbon alloy was prepared in 
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the laboratory 2 and contained less than 0.031 percent of identifiable impurities. The two steels were commercial heats differing principall:y in the amounts of aluminum oxide and aluminum. Heat designated 0-1, with the lower proportion of aluminum, was produced under conditions which resulted in noncontrol of austenitic grain size, whereas heat 0-2 was produced under conditions intended to control the austenitic grain size. Each heat was representative of good commercial practice. In this report, these two steels are occasionally indicated by the terms "noncontrolled grain size" applied to steel 0-1 and "controlled grain size" applied to steel 0-2.
The iron-carbon alloy was treated for three different initial structures, which consisted of (a) coarse pearlite, (b) fine pearlite (sorbite), and (c) spheroidized cementite ( fig. 1 ). All of these treatments were carried out in vacuum, and the pearlitic structures were not produced by isothermal r eactions. Each of the two commercial steels was treated to give initial structures differing in the interlamellar spacing of pearlite or in the form and distribution of the carbides (figs_ 2 and 3)_ These initial structures were (a) coarse pearlite obtained by pack-annealing at 1,700° F; (b) medium pearlite obtained by air-cooling after hot-rolling; (c) fine pearlite (sorbite) formed by isothermal reaction at about 1,010° F; (d) bainite formed by isothermal reaction at 720° to 750° F; and (e) spheroidized cementite produced by prolonged heating of sorbitized steel in the temperature range of 1,200° to 1,300° F_ An interesting feature of the spheroidized structure of the ironcarbon alloy was the tendency of the carbides to coalesce in the form of a network, as is shown in figure 1, C.
The experimental procedure used was the same 'as that described in detail in the previous report (see footnote 1). Essentially, it consisted in heating small specimens, approximately 1/10 inch square by 0.04 inch thick, in a lead bath or in vacuum at various rates to 1,475° or 1,600° F. The specimens were held at these temperatures for 15 minutes and then cooled in a manner suitable for delineating the austenite grains with proeutectoid ferrite.
For the fastest rates of heating, the specimens were plunged into a lead bath maintained at a temperature of either 1,475° or 1,600° F.
For the specimens heated in vacuum, the rates of heating throu gh the transformation range were taken as the average rates r equired to heat through the temperature range from 1,325° to 1,450° F. Two or more specimens were frequently used for any selected condition of test. The average grain sizes obtained are shown by representative micrographs at 100 diameters in figures 4 to 29, and the estimated American Society for Testing Materials grain numbers are summarized in table 2. This table is included as an aid in comparing the effect of the variables studied. The grain-size numbers enumerated were obtained by estimation on larger micrographs than are shown in the figures. It is not always possible to show small differences in grain size by numbers; comparison of micrographs conveys a more definite picture. This is particularly true where the grain sizes are small (compare, for instance, figs. 21, D, and 22, D, both of which were rated as grain No.8). 1.
-2 to-1. 
III. RESULTS

IRON-CARBON ALLOY
The interlamellar spacing of the pearlite or the form and distribution of the carbides in the initial structures had no appreciable influence on the grain sizes established at 1,475° and 1,600° F in the high-purity alloy of iron and carbon (figs. 4 to 9).
With each initial structure investigat ed, relatively fine grains were obtained at 1,475° F, provided the rate of heating was extremely fast. The grain size at this temperature, however, increased with decrease in the rate of heating until extremely coarse grains (ASTM grain No. -2 to 1) were produced. The coarse-grained specimens often contained areas of coalesced ferrite ( fig. 5, D) .
At 1,600° F, the average size of the grains obtained also was a minimum when the rate of heating was rapid ( fig. 7, B; 8, A; and 9, B) , although the fastest rate did not produce the smallest grains when the initial structure was either coarse pearlite or spheroidized cementite. The specimens heated in a lead bath (fastest rate) always showed mixed-size grains at 1,600° F, some of the grains being very coarse (figs. 7, A; 8, A; and 9, A). With slow rates of heating, coarse grains of the same order of magnitude were obtained at aU temperatures (1,475 0 and 1,600° F) and with all initial structures (coarse pearlite, fine pearlite, and spheroidized cementite).
It is apparent that the dominant factor in establishing the grain size in this iron-carbon alloy, either at 1,475° or 1,600 0 F, was the rate of heating and not the initial structure. The effect of the rate of heating was so pronounced that it also overshadowed the effect of the austenitizing temperature. Although it is generally understood that the higher the temperature, the coarser the austenitic grain size, it was possible to produce considerably coarser grains in this alloy at 1,475° F, merely by heating slowly, than at 1,600° F by heating rapidly.
NONCONTROLLED STEEL
The influence of initial structure and rate of heating on the grain sizes at 1,475° and 1,600° F of the noncontrolled steel (C-1) is shown in figures 10 to 19, inclusive.
With the fastest rate of heating, slightly coarser grains were obtained at 1,475° F with initial structures of fine pearlite or bainite (figs. 12, A; and 13, AA) than with coarse or medium pearlite or spheroidized cementite (figs. 10, A; 11, Ai and 14, A). The observed difference was not considered significant, however, because its order of magnitude was no greater than that obtained with duplicate specimens, as for example, with an initial structure of bainite ( fig. 13, A and AA) . With the slowest rates, however, finer grains were obtained at 1,475° F with initial structures consisting of medium pearlite, fine pearlite, and bainite (figs. 11, D; 12, D; and 13, D) , than were obtained with coarse pearlite or spheroidized cementite (figs. 10, D; and 14, D) . With intermediate rates, a grain-size contrast was often obtained in this steel.
The rate of heating showed some minor influence on the grain size at 1,475° F when the initial structure was medium pearlite, fine pearlite, or bainite (figs. 11, 12, and 13), but was without effect when the initial structure was coarse pearlite or spheroidized cementite ( figs. 10 and 14) .
The grain size of this steel at 1,600° F was not markedly affected by variations in the initial structure or rate of heating, although some minor variations in grain size were observed.
CONTROLLED STEEL
The influence of initial structure and rate of heating on the grain size at 1,475° and 1,600° F of the controlled steel (0) (1) (2) is shown in figures 20 to 29, inclusive.
Although variations in the initial structure influenced the grain size of this steel at 1,475° and 1,600° F, the effects observed depended chiefly upon the rate of heating; no definite relation could be established between the initial structure and the grain size at either of these temperatures. For example, with the fast rates of h eating, somewhat finer grains were obtained at both 1,475° and 1,600° F when the initial structure was coarse pearlite (figs. 20, A, and B; and 25, B) than when the initial structures were medium pearlite, fine pearlite, bainite, or spheroidized cementite; but with the slowest rates of heating, the finest grains were obtained with initial structures of fine pearlite and bainite (figs. 22, D; 23, D; 27, D; and 28, D) . Occasionally, particularly with intermediate rates of heating, marked contrast in the grain size was obtained in this steel.
The grain size at 1,475° F was influenced by the rate of heating, regardless of the initial structure (figs. 20, 21, 22, 23, and 24) . The grain size at 1,600° F was also influenced by the rate of heating when the initial structure was either medium pearlite, fine pearlite, or bainite (figs. 26, 27, and 28). In all cases where the rate of heating influenced the grain size of this steel, the finest grains were obtained with slow rates, a relationship which is the reverse of that obtained with the iron-carbon alloy.
It is noteworthy that by varying the rates of heating, finer grains may be obtained in this controlled steel at 1,600° F than at 1,475° F.
IV. DISCUSSION OF RESULTS
It is apparent that both initial structure and rate of heating can affect the grain size at a particular temperature. Of these two variables, the data presented in this paper indicate that the rate of heating is the more important. The effect of this variable is pronounced in the case of the iron-carbon alloy investigated. Although very rapid rates of heating result in the formation of rather small austenitic grains in this alloy, very slow rates of heating cause the formation of extremely coarse grains.
From a commercial viewpoint, fortunately, the two steels investigated did not exhibit a similar phenomenon. Slight differences in grain size were obtained with variations in initial structure and rate of heating. A definite correlation between initial structure and grain size could not be established. However, some indication of a correIa tion between the ra te of hea ting and the grain size could be observed; the slow rates often caused the formation of the smaller austenitic grains. This trend was slight in the case of the noncontrolled steel, but was more marked in the controlled steel. Attention should be directed to the fact that the rate of heating not only had a much more pronounced effect upon the grain size of the iron-carbon alloy than upon the steels, but that the effect was opposite in the two materials.
It is realized that the iron-carbon alloy and the steels differed widely from each other in chemical composition, especially with regard to P, S, Mn, Si, Al, and gaseous elements, and that the ironcarbon alloy was relatively free from materials that are classified as grain-growth inhibitors. Although the observed difference in behavior must be attributed to these differences in chemical composition, the present results do not show which of the elements, either individually or in combination, are responsible.
The iron-carbon alloy used in this investigation is being utilized in a study of the mechanism of the transformation of different initial structures to austenite. The results of preliminary tests indicate that the austenitic grains initially formed in this alloy are relatively small regardless of the rate of heating and that the grains grow rapidly in the transformation-temperature range.
The controlled steel was relatively fine-grained in the McQuaidEhn test (ASTM grain No.8), whereas the noncontrolled steel was coarse-grained (ASTM grain No.3). It is interesting, therefore, to observe that the controlled steel (fine-grained when carburized at 1,700° F) may have some coarse grains at the recommended quenching temperature of 1,475° F. (figs. 22, B; and 23, B) or at the normalizing temperature of 1,600° F (figs. 26, B; 27, B; 28, B; and 28, 0) .
V. SUMMARY
A study was made of the influence of initial structure and rate of heating on the grain sizes at 1,475° and 1,600° F of a high-purity alloy of iron and carbon and two plain carbon steels each containing about 0.5 percent of carbon. The two steels were commercial heats which differed principally in the amounts of alumina and aluminum. The steel with the lower percentage of aluminum was produced under conditions which resulted in non control of the austenitic grain size, whereas the other heat was produced under conditions intended to control the grain size.
The different initial structures (that is, the structure that existed just prior to heating to the temperature establishing the grain size) consisted of either coarse pearlite, fine pearlite or spheroidized cementite in the iron-carbon alloy and either coarse pearlite, medium pearlite, fine pearlite, bainite, or spheroidized cementite in each of the commercial steels.
Wide variations in the rate of heating were obtained by plunging small specimens into a lead bath or by heating them in vacuum. Except for the specimens heated in lead (most rapid rates), the rate of heating was taken as the average rate to heat from 1,325° to 1,450° F, which included the transformation-temperature range.
Variations in the initial structure of the iron-carbon alloy had no appreciable effect on the grain size at 1,475° or 1,600° F. Although the initial structure had some influence on the grain size of the commercial steels, no definite correlation was found between the grain size and the interlamellar spacing of pearlite, or the form and distribution of carbides.
The rate of heating had a marked influence on the grain sizes at 1,475° and 1,600° F of the iron-carbon alloy. At each temperature relatively fine grains were produced by rapid heating and coarse grains by slow heating.
